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PUMPING AND ERAG CHARACTERISTICS OF AN AIRCEAET EJECTOR 
AT SUBSONIC AND SUPERSONIC SPEEDS 
By Gerald C. Gorton 
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SUMMARY 

An investigation was conducted in the 8- hy 6-foot supersonic wind 
tttmel on a cylindrical -shroud ejector (diameter ratio of 1.2 and spac- 
ing ratio of 0.80). Data were obtained at wei^t-flow ratios of 0.014:, 
0.095, 0.234, and 0.380 for primary pressure ratios ranging from 1 to 16 
and at free-stream Mach numbers of 0.1, 0.6, 1.6, and 2.0. 

The results of this investigation Indicate no effect of free-stream 
Mach nimiber on the pungping characteristics of an ejector of this type. 
Boattall pressure-drag and base pressxnre-drag coefficients were found to 
decrease with increasing primary pressure ratio similar to conventional 
nozzles. It was also found that these drag coefficients decreased as 
weight-flow 3?atlo was increased. 

The results also indicate that the primary -nozzle mass -flow coeffi- 
cient was affected by the secondary flow. Appsrently the internal 
geometry of the secondary passage, at the exit station of the primary 
nozzle, was critical in effecting a decrease In primary-nozzle mass -flow 
coefficient as wei^t-flow ratio was increased to values greater than 
0 . 10 . 


INTRODUCTION 

Considerable effort has been expended to evaliiate ejector perform- 
ance, but this work has been largely limited to quiescent-air investi- 
gations (e.g., ref. l) . Consideration must also be given to any possible 
effect free-stream Mach number might have on the internal performance of 
an ejector, inasmuch as ejectors may be used to satisfy the cooling and 
thrust requirements of aircraft operating over a wide range of fli^t 
speed. For a plug nozzle and a series of convergent -divergent nozzles, 
references 2 and 3 indicated that the internal performance was generally 
Insensitive to external flow except for the condition of flow separation 
from the convergent -divergent nozzle wall. However, it is not evident, 
without investigation, that these results are applicable to an ejector 
nozzle . 
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In addition to the effect of free-stream Manh number on the pumping 
characteristics, info3raiatlon is lacking regarding the effect of the Jet 
on the external cheiracterlstics, as was discussed in references 4 and 5 
for fixed nozzles . In the case of the ejector, there is the added vari- 
able of weight -flow ratio which might also affect the amount of inter- 
action between the internal and external flow. 

The pimrplng and drag characteristics for a cylindrical-shroud ejec- 
tor (diameter ratio of 1.2 and spacing ratio of 0.80} are evaluated for 
wei^t-flow ratios of 0.014, 0.095, 0.234, end 0.380 at free-stream Mach 
numbers of 0.1, 0.6, 1.6, and 2.’0 for primary pressure ratios ranging 
from 1 to 16. The res^iLts are presented for zero angle of attack and 
for a primary Jet teraperatvire of 860° R. Limited data are also presented 
for an angle of attack of 8° and for primary Jet tex£5)eratures ranging 
from 1500° to 2000° R. 

!Thls investigation wan conducted at the MCA Lewis laboratory. 


SIMBOIS 

The following symbols are used in this report: 

Ama.y maximum model cross-sectional sorea, 0.371 sq ft 
Cp coefficient of drag, 

Cp coefficient of pressure, (Pjj-Pq)/'!© 

D diameter, ft 

Dg/Dp diameter ratio 

F drag force, lb 

f fuel flow, Ib/sec 

L length of shroud from primary-nozzle exit, ft 

L/D spacing ratio 

M Mach number 

P total pressure, Ib/sq ft 

p static pressure, Ib/sq ft 

dynamic pressure, Ib/sq ft 


q 
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w 

N 

OJ 

yi 


total temperatiire, 
total air flow, Ib/sec 
welgiit flow, Ib/sec 


^ wei^t-flow ratio 


T 

U 

W 



a 

r 


angle of attack, deg 
ratio of specific heats 


Subscripts ; 
a boattail 

b base 

e effective 

i ideal 

p primary nozzle 

s secondary nozzle 

t total 

X axial distance 

0 free stream 


APPARATUS AHD PROCEDURE 

The generalized exit model with an ejector afterbody was insteOled 
in the 8- by 6-foot supersonic wind tunnel as schematically lll\istrated 
in figure 1 (see ref. 2 for details). Air was directed into the model 
by means of two hollow si^pport struts. This air was preheated to a 
temperatxare of approximately 860° E in order to eliminate possible con- 
densation effects within the nozzle. A limited amovint of data was 
obtained for ejector primary-air ten 5 >eratures ranging fixaa 1500° to 
2000° R by xising a can-type gasoline ccmbxistor (fig. 2) located ahead 
of the primary nozzle. 
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The geometric characteristics of the ejector, inclviding statlc- 
pressTJire instnjmentation, are shown in figi^e 2. Secondary flow was 
hied from the pr im a r y chamber throu^ six equally spaced ports located 
around the circumference at station 3. A rotatable metal ring which 
enclosed various portions of the bleed po3rts made it possible to con- 
trol the secondary flow. 

An A.S.M.E. sharp-edged orifice, located upstream of the model, was 
\ised to measure the total air flow U throu^ the model, whereas the 
fuel flow f to the preheater and the main conibustor was measured by 
Ind^endent rotameters. The secondary weight flow Wg was determined 
from a calibration of the bleed-port mechanism used in conjunction with 
pressure measurements across the port. Primary wel^t flow Wp was 
calculated by a summation of the total air flow, fuel flow, and secondary 
weight flow as follows; 


Wp«u + f-Wg Cl) 

The total pressures in the primary suid secondary nozzles were 
obtained from continuity relations, with the total ten^peratiore, weight 
flow, and static pressure of the respective streams known at a given 
station. Primary-nozzle total pressure was calculated at station 6, 
whereas the secondary-nozzle total pressure was determined at station 
4. For the case of hot flow (l500° to 2000° R), the primary-nozzle 
mass-flow coefficient was assumed to be the same as for the equivalent 
cold-flow case (860° R) . The primary total pressure and jet temperature 
could then be ccmputed. 

Mass -flow coefficients for the primary nozzle, with cold flow, were 
calculated as the ratio of computed primary weight flow Wp> to the 
ideal, primary wel^t-flow which was determined frcan continuity 

relations for a choked nozzle, with the total ten 5 >erature, total pres- 
sure, and geometric area known at the primary -nozzle exit. 

Boattail pressure drag was obtained from an integration of the 
static pressures measured along the boattail. Static-pressure orifices 
on the top and bottom of the boattail were located axially as indicated 
in figure 2. The base pressure drag was calculated from the static 
pressTjres measured at the base of the ejector. These static pressures 
were measured by three orifices, located one each on the top, bottom, 
and a side. 

In order to arrive at a total-drag val^le for the configuration, a 
value of nose pressure and friction drag, taken from reference 4 for the 
same basic model, was used in conjtmction with the values of boattail 
pressure drag and base pressure drag of the investigation reported 
herein. 
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EESULGS AMD DISCUSSION 
Internal Characteristics 

P\jn 5 )ing characteristics of the ejector are presented in figure 3. 
!These data, which were obtained for primary pressure ratios ranging frcm 
1 to 16, show no effect of free-stream. Mach nuuiber or angle of attack 
on the pumping chaiect eristics. It therefore seems reasonable to 
assxjme that the thrust characteristics of such an ejector would likewise 
be unaffected. 

Mass -flow coefficients for the primary nozzle are unaffected by 
free-stream Mach number or primary pressiire ratio, as Indicated in fig- 
ure 4(a) . However, there appears to be a change in mass -flow coeffi- 
cient with wei^t-flow ratio (fig. 4(b)). Ehe mass -flow coefficient is 
maintained constant at 0.95 to weight -flow ratios of approximately 0.10, 
but decreases with increasing wei^t-flow ratio until at a wel^t-flow 
ratio of 0.380 the mass -flow coefficient has decreased to 0.85, indi- 
cating the formation of a vena contract a downstream of the primary- 
nozzle -exit station. 

In correlating the pxmgping characteristics of this ejector with 
one of nearly equivalent diameter and spacing ratio investigated in 
quiescent air (ref. l), it was found that only at the low wel^t-flow 
ratios (below O.IO), where the mass-flow coefficient of the present in- 
vestigation was approximately the same as that of reference 1, was 
there reasonable agreement . ' To achieve better correlation at the larger 
weight-flow ratios, it was reasoned that a reduction in the mass-flow 
coefficient was equivalent to an increase in the ejector diameter ratio; 
therefore, an effective diameter ratio (l53/E^)e was assxmied. The 
effective diameter ratio was obtained by replacing the geometric diam- 
eter of the primary nozzle with an effective diameter. Since the mass- 
flow through a nozzle varies as the square of the nozzle diameter, the 
effective diameter of the primary nozzle is defined as the geometric 
diameter multiplied by the square root of the mass-flow coefficient. 
Inasmuch as data were not available in reference 1 for ejectors of com- 
parable effective diameter ratios, a linear interpolation at a constant 
primary pressure ratio was utilized, whereby purping characteristics 
for geometric diameter ratios of 1.21 and 1.41, with respective spacing 
ratios of 0.796 and 0.855, covered the necessary range. The diameter 
ratios of reference 1 were also modified by their mass -flow coefficient 
(0.985) prior to interpolation. 

The comparison in figure 5 showed generally good correlation, in- 
dicating that the effective diameter ratio is more significant th^ the 
geometric diameter ratio in predicting ejector pimping characteristics. 
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Tlie essential difference between the ejector of reference which 
had a geometric diameter ratio of 1.31 and a spacing ratio of 0.796, and 
the ejector reported herein is the geometry and flow direction of the 
secondary passage at the exit station of the primary nozzle (see illus- 
tration- in fig. 5). The results of this investigation, therefore, indi- 
cate that the geometry of the secondaiy passage, as well as the spacing 
and diameter ratios, can influence the' pun^iing characteristics of an 
ejector . 


External Characteristics 

Boattail press\ire-drag Qoefficients, obtained by integrating the 
boattail pressiire distributions (fig. 6, e.g.) are presented in figure 
7 as a function of primary pressure ratio and wei^t-flow ratio. As 
WD^lld be expected, the boattail pressure drag of the ejector decreased 
as the primary-pressiire ratio was increased. In addition to this over- 
pressure effect of the jet, which is similar to that noted for conven- 
tional nozzles (ref. 4), there is also a red-action in boattail pressvire 
drag with increased weight -flow ratio, probably as a resiilt of the higher 
secondary total press\ires present with increased weight-flow ratios. 

Base pressure -drag coefficients were calculated from static -pressure 
measurements taken at the base of the ejector shroud and are presented in 
figure 8 as a function of primary pressure ratio and wsight-flow ratio. 

As was observed with boattail pressirre drag, the base pressure drag was 
decreased by the overpressure effect of the jet at the higher primary 
pressure ratios and by the higher secondary total press\ires associated 
with an increase in weight -flow ratio. 

Boattail pressure-drag, base pressure-drag, and total-drag coeffi- 
cients are summarized in figure 9 as functions of primary press\ire ratio 
and free-stream Mach number. Boattail pressure-drag coefficients are 
highest at Mq ■« 1.6 for most of the primary pressure-ratio range and 
lowest at Mq =* 0.6. The greatest change with primary press-ure ratio 
was noted at Mq 14 1.6, similar to the results of references 4 and 5. 

Base press\jre-drag coefficients increase with free-stream Mach number at 
a constant primary pressiire ratio and sure affected by the primary pres- 
sure ratio in a similar manner at each Mach number. The total-drag 
coefficients presented are a summation of the boattail press\are-drag and 
base pressure-drag coefficients plus a coefficient of nose pressure and 
friction drag taken from reference 4 for the same basic model. Such a 
simnnation indicates the relative significance of boattail pressiire drag 
and base pressure drag as components of total drag. For this configura- 
tion, the base drag was relatively insignificsmt to the total drag, 
since the base was merely the thickness of the metal at the base of the 
shroud . 
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A limited amoimt of hot -flow drag data is included in figure 9 for 
comparison with the drag data obtained with cold flow for the same "bleed- 
port setting (wel^t-flow ratio of 0.014). 0?hese data for » 1.6 and 
2.0 Indicated a very sli^t decrease in boattail pressirre drag with an 
Increase in temperature. 3Chis trend is supported by observations made 
from schlieren photographs and static-pressiire distributions which indi- 
cate an upstream mov«aent of the trailing shock., which was also noted 
in reference 6. 


SUMMARY OF EESUIffS 

The following results were obtained trom an investigation in the 
8- by 6-foot supersonic wind tunnel of a cylindrical-shroud ejector 
(diameter ratio of 1.2 and spacing ratio of 0.8). The data were obtained 
for weight -flow ratios of 0.014, 0.095, 0.234, and 0.380 for primary 
pressure ratios ranging from 1 to 16 and at free-stream Mach nuiribers of 

0.1, 0.6, 1.6, and 2.0. 

1. There was no apparent effect of free-stream Mach number car angle 
of attack on the pumping characteristics of the ejector investigated. 

2. Boattail pressure-drag and base pres s\ire -drag coefficients de- 
creased with increasing primary pressxire ratio slmileur to conventional 
nozzles. In addition, these drag coefficients decreased with increasing 
weight-flow ratio. 

3. The primary-nozzle mass-flow coefficient decreased considerabi^" 
as the wei^t-flow ratio was increased to values greater than 0.10. 
Apparently the internal geometry of the secondary passage at the exit 
station of the primary nozzle is critical in establishing this trend 
with wei^t-flow ratio. 


Lewis Flight Propulsion Laboratory 

National Advisory Committee for Aeronautics 
Cleveland, Ohio, MEirch 31, 1954 
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Primary pressure ^atio, Pp/pQ 


(a) Effect of primary pressure^ ratio aad free-streemi Mach ntuifl^er. 
Figure 4. - Primary -nozzle mass-flow coefficients at zero angle of attack. 












Weight-flow ratio. 



(h) Effect of weight-flow ratio. 


Figure 4. - Concluded. Primary-nozzle mass -flow 
coefficients at zero angle of attack. 



Secondary pressure ratio, Pg/pQ 




Weight-flow ratio, 

WsaI^ 

Effective diameter 
ratio, (Da/Dp)9 

Pip 


0.014 

1.23 

.095 

1.23 

,234 

1.26 

.380 

1.30 


8 12 16 20 0 4 , 8 

Primary presaura ratio, Pp/pQ 

(o) Weight-flow ratio, 0.014. (d) Weight-flow ratio, 0.234. 

Figure 5. - Correlation of ejector pumping charaoteriatlcs by use of effective diameter ratio. 
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(o) Weight-flow ratio, 0.2Si. 



(d) Weight-flow ratio, 0.380. 

Figure 6. - Boattall presflure dlstrlbutlona at free-atream Maoh number of 2.0 and zero angle 
of attack. 
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PrlBary pMaiur* ritlo, Pp/p^ 

(*) H*lBht-flov r*tlo, Q,014. (b) Wfllflht-floH ratio, 0,254, (o) Height-flow ratio, 0.500. 

Figure 9. - Coeffloleni e of boattall po!^ 4 eupe, bait preiBure, and total drag at aero angle of attaok. l-i 

CO 






